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ABSTRACT
Background Data: Kyphoscoliosis in conjunction with tethered cord is a rare and challenging spinal
deformity to treat. The availability of intraoperative monitoring in recent times has helped reduce the
incidence of operative neurological complications in spine deformity corrective surgery. The present
case report underlines the value and utility of intraoperative neuromonitoring in corrective surgery for
kyphoscoliosis.
Study Design: Case report.
Purpose: To report the importance of intraoperative neuromonitoring in the release of tethered cord
along with deformity correction.
Case Report: A 14-year-old male patient presented with a one-month history of progressive weakness
in both lower extremities. Radiographs showed that he had thoracic kyphoscoliosis with a 30-degree
scoliotic curve together with a 70-degree kyphotic curve with an apical vertebra of T12. The preoperative
MRI and CT showed that the spinal cord was entrapped by the apical vertebra and a butterfly vertebra
was noted at T12. This resulted in the right half being smaller in size, with the resultant convexity to the
left side. The conus was low-lying and tethered at the L3 level. The patient underwent detethering of the
cord with corrective surgery for kyphoscoliosis in the same setting under intraoperative neuromonitoring.
Results: Scoliosis was corrected to 20 degrees and kyphosis was corrected to 40 degrees. The motor
evoked potentials (MEPs) that previously showed very feeble tracings now showed persistent positive
potentials. The SSEPs remained constant and the same as baseline throughout. The patient’s spinal cord
function improved from Frankel C to Frankel D. A good trunk balance was evident at the two-month
follow-up.
Conclusion: Intraoperative neuromonitoring allowed safe and effective detethering and maintained
correction of the kyphoscoliosis. (2021ESJ234)
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INTRODUCTION
Kyphoscoliosis in conjunction with tethered
cord is a rare and challenging spinal deformity
to treat.5 Tethered cord is a progressive condition
caused by anchoring of the spinal cord due to
various developmental anomalies or pathologies,
which results in a spectrum of neurological
deficits and spinal deformities.2 Classically, it
is a constellation of signs and symptoms that
occurs due to longitudinal traction on the caudal
end of the spinal cord (the conus medullaris).8
Kyphoscoliosis is defined as the deviation of the
normal curvature of the spine in the sagittal and
coronal planes and can include rotation of the
spinal axis. The range of Cobb’s angle for moderate
kyphoscoliosis is from 25 to 100 degrees, whereas
that of severe kyphoscoliosis is greater than
100 degrees.4 Tethered cord as a direct cause of
scoliosis was first demonstrated by Mclone et al. in
1990. There was partial regression of scoliosis in
patients following surgery for myelomeningocele
repair and the release of the tethered cord.9 The
availability of intraoperative monitoring in recent
times has helped reduce the incidence of operative
neurological complications in spine deformity
corrective surgery. 7 Reliable intraoperative
monitoring enables surgeons to perform these
complex and challenging surgical procedures,
which involve significant manipulation of the
spinal cord with a greater degree of safety.1 The
present case report underlines the value and
utility of intraoperative neuromonitoring in the
corrective surgery for kyphoscoliosis.
Case Report:
A 14-year-old male patient presented to our
institute with a one-month history of progressive
weakness in both lower extremities. He had
normal gestation and development only except
for a small hump on his back at birth, which
was not associated with any abnormal skin signs
such as dermal sinus tracts, hairy patches, or skin
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appendages. At the age of 4 years, the patient
was formally diagnosed with scoliosis, which was
treated with brace therapy at a local hospital. This
treatment proved unsuccessful in the prevention of
the curve progression. At the first visit to our clinic,
the patient presented with progressive weakness in
both lower limbs with jerky movements suggestive
of severe spasticity with a spastic gait. The patient
had marked kyphoscoliosis in the thoracic spine
with a global lower extremity weakness. The
left side was weaker than the right side. He was
able to walk with support at the first visit, but
the spastic paraparesis progressed to make the
patient wheelchair-bound in the next three weeks.
The patient did not give any history of backache
or bowel and bladder disturbances. On physical
examination, there was a prominent hump in
the thoracic spine with no abnormal cutaneous
manifestations. The right lower limb motor power
was 3/5 and the left lower limb motor power was
2/5. There was no visible atrophy. The deep tendon
reflexes were exaggerated, and the Babinski sign
was present bilaterally. There was no significant
sensory loss detected. Radiographs showed that
he had thoracic kyphoscoliosis with a 30-degree
scoliotic curve and a 70-degree kyphotic curve
with an apical vertebra of T12 (Figure 1).
The preoperative MRI and CT showed that the
spinal cord was entrapped by the apical vertebra,
and a butterfly vertebra was noted at T12 (Figure
2). This resulted in the right half being smaller in
size, with the resultant convexity to the left side.
The conus was low-lying and tethered at L3 level
and there was also an associated syrinx was seen
from D7 to L2 level. The patient was planned for
detethering of cord with corrective surgery for the
kyphoscoliosis in the same setting.
The report was approved by our Institutional
Review Board, and the family gave written
informed consent before the surgery. The
report was conducted according to the WMA
Declaration of Helsinki: Ethical Principles for
Medical Research Involving Human Subjects.
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Figure 1.
(A) Lat: X-ray thoracolumbar
spine measuring sagittal Cobb’s
angle = 70 degrees. (B) AP: X-ray
thoracolumbar spine measuring
coronal Cobb’s angle = 30 degrees.

Figure 2. (A) CT 3D reconstruction for thoracolumbar kyphoscoliosis deformity. (B) MRI full spine T2W showing
kyphoscoliosis at the thoracolumbar junction.

Surgical Technique:
A posterior midline incision was made from
T6 to L4 level. An L3 to S1 laminectomy was
performed, and the tethered filum terminale was
released after the dissection and confirmation
under electrophysiological monitoring (Figure 3).
Pedicle screws were placed in T8, T9, T10, L1,
L2, and L3 on the right side and T9, T10, L1,
70

L2, and L3 on the left side using the freehand
technique. Corpectomy of the malformed D11
and D12 vertebral bodies was performed. A
titanium cage was used at the corpectomy site at
D11-D12, applying a compressive force on the
temporary rod on the convex side and a distractive
force on the concave side. The permanent rod
was anchored thoroughly to the pedicle screws

Egy Spine J - Volume 38 - April 2021

The

EGYPTIAN SPINE
Journal
(Figure 4). The surgery was performed with
continuous electrophysiological monitoring. The
MEPs were not recordable at the time of incision
(Figure 5). The SSEP recordings were normal.
The detethering was uneventful without any
changes noted on SSEPs and MEPs (Figure 6).
Fixation and reduction were made with constant
monitoring of SSEP and MEP tracings. We
noted intermittent positive potentials in the MEP
recording. The temporary rod was then replaced
with a contoured permanent rod. Total surgical
time was 358 minutes and approximate blood loss
was 900 ml. Immediately postoperatively, we were

pleasantly surprised to note very encouraging MEP
tracings. The patient’s postoperative course was
uneventful. The patient could walk independently
at the end of the 5th week postoperatively. The
postoperative scans showed that the scoliosis was
corrected to 20 degrees and kyphosis was corrected
to 40 degrees. The MEPs, previously showing very
feeble tracings, now showed persistent positive
potentials. The SSEPs remained constant and the
same as baseline throughout (Figures 7 and 8).
The patient’s spinal cord function improved from
Frankel C to Frankel D. A good trunk balance was
evident at the 2-month follow-up.

Figure 3. (A) Surgical prone position showing surgical markings. (B) Intraoperative surgical wound where
transpedicular screws are inserted and rod insertion with correction: the corpectomy is shown at mid fixation level
posteriorly and posterior laminectomy is shown where the detethering occurred. (C) Fluoroscopy-guided image
showing transpedicular screws in place and corpectomy pyramesh cage in place.

Egy Spine J - Volume 38 - April 2021

71

The

EGYPTIAN SPINE
Journal
Figure 4. (A) Postoperative AP. X-ray
thoracolumbar junction showing
coronal Cobb’s angle correction up
to 20 degrees. (B) Postoperative Lat.
X-ray thoracolumbar junction showing
sagittal Cobb’s angle correction up to
40 degrees.

Figure 5. Baseline MEPs before proceeding with the surgery.
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Figure 6. SSEPs and MEPs during laminectomy and fixation.

Figure 7. Postoperative SSEPs.
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Figure 8. Postoperative MEPs.

DISCUSSION
Neuromuscular scoliosis is a deformity that is
difficult to treat. It is seen to progress even after
skeletal maturity. This is associated with limited
mobility of the spinal column and flexion increases
the traction on the spinal cord.6 Decision-making in
congenital kyphoscoliosis depends on the natural
history of progression; clinical and radiological
assessment is absolutely essential. Detection of
the intraspinal and other associated anomalies
becomes relevant in deciding appropriate surgical
management.3 The goals of surgery are to correct
the deformity, produce a balanced spine and a
leveled pelvis, and obtain a solid spinal fusion.6
In the rare situation of treating kyphoscoliosis with
a concomitant tethered cord, there are two schools
of thought. One school of surgeons considers that
it is unnecessary to perform detethering of the
cord until the patient develops any symptoms.
74

The other school of thought advocates a 2-stage
strategy of deformity correction between 3 and
6 months after detethering of cord. This is done
to avoid undue stretching and traction on the
already deformed spinal cord. 8 Detethering
the cord followed by corrective surgery for the
kyphoscoliosis at the same sitting has not been
reported in the literature review. Therefore, this
case has been reported as a novel approach to deal
with this unusual presentation.
The SSEPs assess the functional integrity of
the sensory pathways from the peripheral nerve
through the dorsal column and to the sensory
cortex. Monitoring the dorsal column integrity
with SSEP is the most commonly used technique
in spinal surgery. Since the mid-1990s, combined
MEP and SEP monitoring has been routinely
used for spinal surgeries. The motor potentials
are evoked with transcranial electrodes placed on
the scalp over the motor cortex area of the skull.7
Intraoperative neurophysiologic monitoring
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allows the assessment of the integrity of the
spine through the surgical period with real-time
feedback to allow for interventions if needed, all
with the goal of minimizing neurologic injury. The
significant findings requiring intervention include
unilateral or bilateral amplitude changes greater
than 50%.1 In such situations, it is advisable to
stop and wait for recordings to recover, which
is often done. Transient stopping the surgical
manipulations may immediately recover the MEP
spontaneously. Other maneuvers include irrigating

RECOMMENDATIONS
Intraoperative neuromonitoring is an essential
modality in patients undergoing cord detethering
and deformity correction. It is a tool that cannot
simply be substituted for its reflective results
over spinal cord functions in a live feed mode
intraoperatively.

REFERENCES

the surgical field with warm saline solution, local
application of papaverine, increasing the mean
arterial pressure to more than 90 mmHg, and
increasing body temperature. If all these methods
have failed to regain MEP, the applied correction
is reduced or the hardware is removed in case of
the correction of the spinal deformity. A steroid
bolus could be considered if there is no significant
signal recovery despite these measures.7
In the reported case, the patient showed a good
postoperative result after performing a onestage procedure. Continuous SSEP monitoring
is an essential tool to warn the surgeon about
compromising the integrity of the neural tissues.
The improvement in MEPs during the surgical
procedure helped optimize the reduction process
and eliminate the risk of added neurological
deficits.

CONCLUSION
Intraoperative neuromonitoring made the
simultaneous surgeries in the same setting
feasible and safely detether the spinal cord
along with obtaining safe maximal correction
for kyphoscoliosis. In addition, MEPs showed a
critical sign of improvement, which optimized the
correction process.

Egy Spine J - Volume 38 - April 2021

1. Dulfer SE, Lange F, Wapstra FH, Potgieser
ARE, Valk JP, Absalom AR, et al:
Intraoperative neurophysiological monitoring
during scoliosis surgery in patients with
Duchenne muscular dystrophy. European
Spine Journal 29(8):2029–2035, 2020
2. Fekete G, Bognár L, Novák L: Surgical
treatment of tethered cord syndrome—
comparing the results of surgeries with and
without electrophysiological monitoring.
Child’s Nervous System 35(6):979–984, 2019
3. Hamzaoglu A, Ozturk C, Tezer M, Aydogan
M, Sarier M, Talu U: Simultaneous surgical
treatment in congenital scoliosis and/
or kyphosis associated with intraspinal
abnormalities. Spine 32(25):2880–2884, 2007
4. Johari J, Sharifudin MA, Ab Rahman A, Omar
AS, Abdullah AT, Nor S, et al: Relationship
between pulmonary function and degree of
spinal deformity, location of apical vertebrae
and age among adolescent idiopathic scoliosis
patients. Singapore Medical Journal 57(1):33,
2016
5. Matsumoto M, Watanabe K, Tsuji T, Ishii K,
Takaishi H, Nakamura M, et al: Progressive
kyphoscoliosis associated with tethered cord
treated by posterior vertebral column resection:
a case report. Spine 34(26):E965–E968, 2009
75

The

EGYPTIAN SPINE
Journal
8. Tao H-R, Yang T-L, Chang MS, Li H, Zhang
D-W, Fan H-B, et al: Successful treatment
of a patient with congenital kyphoscoliosis
associated with tethered cord. Journal of
Neurosurgery: Spine 22(1):64–69, 2015
9. Yamada S, Won DJ, Yamada SM:
Pathophysiology of tethered cord syndrome:
c o r r e l a t i o n w i t h s y m p t o m a t o l o g y.
Neurosurgical Focus 16(2):1–5, 2004

6. McLone DG, Herman JM, Gabrieli AP, Dias
L: Tethered cord as a cause of scoliosis in
children with a myelomeningocele. Pediatric
Neurosurgery 16(1):8–13, 1990
7. Park J-H, Hyun S-J: Intraoperative
neurophysiological monitoring in spinal
surgery. World Journal of Clinical Cases:
WJCC 3(9):765, 2015

الملخص العربي
أهميـة المراقبـة العصبيـة أثنـاء الجراحـة المتزامنـة لتحرير للحبل الشـوكي المربوط تصحيح للتشـوه الحاد في
تقوس العمود الفقري  .تقرير حالة

وصعبـا في العمود
نادرا
جنبـا إلـى جنـب مـع الحبل المربوط
ً
تشـوها ً
ً
البيانــات الخلفيــة :يعـد تقـوس العمـود الفقـري ً
الفقـري .الحبـل المربـوط هـو حالـة تقدميـة ناتجـة عـن تثبيـت الحبـل الشـوكي بسـبب العديـد مـن التشـوهات التنموية
أو األمـراض التـي تـؤدي إلـى مجموعـة مـن العيـوب العصبيـة وتشـوهات العمـود الفقـري .كالسـيكياً  ،هـو عبـارة عـن
مجموعـة مـن العالمـات واألعـراض التـي تحـدث بسـبب الشـد الطولـي علـى الطـرف الذيلـي للنخـاع الشـوكي .سـاعد
توافـر المراقبـة العصبيـة أثنـاء الجراحـة فـي اآلونـة األخيـرة علـى تقليـل حـدوث المضاعفـات العصبيـة الجراحيـة فـي
الجراحة التصحيحية لتشوه العمود الفقري .تمكن المراقبة الموثوقة أثناء الجراحة الجراحين من أداء هذه اإلجراءات
الجراحيـة المعقـدة والصعبـة والتـي تنطـوي علـى معالجـة كبيـرة للحبـل الشـوكي بدرجـة أكبـر مـن األمـان .يؤكـد تقريـر
الحالة الحالي على قيمة وفائدة المراقبة العصبية أثناء الجراحة في الجراحة التصحيحية النحراف العمود الفقري.
تصميم الدراسة :تقرير حالة

الغرض :اإلبالغ عن أهمية المراقبة العصبية اثناء جراحة تحرير الحبل الشوكي المربوط مع تصحيح التشوه الحاد في
تقوس العمود الفقري

عامـا يعانـي منـذ شـهر واحـد من الضعـف التدريجي فـي كال الطرفين
المرضـي والطـرق :مريـض يبلـغ مـن العمـر ً 14
السـفليين .أظهـرت الصـور الشـعاعية أنـه كان يعانـي مـن انحنـاء العمـود الفقـري الصـدري مع منحنـى جنفي  30درجة
مـع منحنـى تحـدب  70درجـة و  .T12أظهـر التصويـر بالرنيـن المغناطيسـي والتصوير المقطعـي قبل الجراحة أن الحبل
الشوكي محاصر بالفقرة الصدرية الثانية عشرة .خضع المريض لفك الحبل من خالل جراحة تصحيحية لتنحيف الحدبة
في نفس المكان تحت المراقبة العصبية أثناء الجراحة

آثـارا ضعيفـة
النتائـج :تـم تصحيـح الجنـف إلـى  20درجـة والتحـدب إلـى  40درجـة .أظهـرت إشـارات الحـركات العضليـة ً
للغايـة  ،اآلن إمكانـات إيجابيـة مسـتمرة .ظلـت االشـارات الحسـية تحسـنت و ثابتـة .تحسـنت وظيفـة الحبـل الشـوكي
للمريض من فرانكل سي إلى فرانكل د في توازن جيد في الحبل الشوكي بعد شهرين من المتابعة..
جنبا إلى جنـب مع التصحيح
الخالصــة :سـمحت المراقبـة العصبيـة أثنـاء الجراحـة بفـك االرتبـاط للحبل الشـوكي اآلمن ً
اآلمن لتشوهات العمود الفقري..
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